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from scipy.io import wavfile
from matplotlib import pyplot as plt
from matplotlib.pyplot import figure

# Read stored audio files for comparison
fs, data = wavfile.read(“/dbfs/folder/clipl.wav”)

# Set plot style
plt.style.use(‘seaborn-whitegrid’)

# Create subplots
ax = plt.subplot(2, 2, 1)
ax.plot(datal, color="#67A0DA’)

W

) ) Doors and corners, kid. That’s where they get you.
# Display created figure

fig=p1t.show()
display(fig)
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from fastdtw import fastdtw
# Distance between clip 1 and clip 2

distance = fastdtw(data_clipl, data_clip2)[0]
print(“The distance between the two clips is %s” % distance)
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Social Sciences)

import pandas as pd

# Use Pandas to read this data
sales_pdf = pd.read_csv(sales_dbfspath, header="infer’)

# Review data
display(spark.createDataFrame(sales_pdf))

Product_Code WO w1 w2 w3 w4 w5 Wé w7

P1 11 12 10 8 13 12 14 21
P2 7 6 3 2 7 i) 6 3
P3 il 11 8 9 10 8 il 13
P4 12 8 13 5 9 6 9 13
P5 8 5 13 11 6 U 9 14
P6 3 3 2 T4 6 3 8 6
P7 4 8 3 7 8 74 2 3
P8 8 6 10 9 6 8 Vi 5
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# Calculate distance via dynamic time warping between product code and
optimal time series

import numpy as np

import _ucrdtw

def get_keyed_values(s):
return(s[0], s[1:])

def compute_distance(row):
return(row[0], _ucrdtw.ucrdtw(list(row[1][0:52]), list(optimal_pattern),
0.05, True)[1])

ts_values = pd.DataFrame(np.apply_along_axis(get_keyed_values, 1, sales_pdf.
values))
distances = pd.DataFrame(np.apply_along_axis(compute_distance, 1, ts_values.
values))

distances.columns = [ ‘pcode’, ‘dtw_dist’]
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%sql

—-- Top 10 product codes closest to the optimal sales trend

select pcode, cast(dtw_dist as float) as dtw_dist from distances order by cast(dtw_dist as
float) limit 10

6.0
5.5

5.
4.
4.
3.
3.
2.
2.
15
1.00
0.
0.00

P675 P358 P697 P816 P601 P674 P372 P476 P694
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Comparing Optimal Sales Trends With P675 and P716
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# Review P202 weekly sales
y_p202 = sales_pdf[sales_pdf[ ‘Product_Code’] == ‘P202’].values[@][1:53]

Comparing Optimal Sales Trends With Weekly Sales for P2

o— Optimal Sales Trend
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iwith mlflow.start_run() as run

< databricks

import mlflow
def run_DTW(ts_stretch_factor)
# calculate DTW distance and Z-score for each product
with mlflow.start_run() as run
# Log Model using Custom Flavor
dtw_model = {‘stretch_factor’ : float(ts_stretch_factor), ‘pattern’ : optimal_
pattern}
mlflow_custom_flavor.log_model(dtw_model, artifact_path="model”)
# Log our stretch factor parameter to MLflow
mlflow. log_param(“stretch_factor”, ts_stretch_factor)
‘.csv’)

# Log the median DTW distance for this run
mlflow. log_metric(“Median Distance”, distance_median)

+ str(ts_stretch_factor) +

’

# Log artifacts - CSV file and PNG plot - to MLflow

mlflow. log_artifact(‘zscore_outliers
mlflow. log_artifact(‘DTW_dist_histogram.png’)

return run.info
stretch_factors_to_test = [0.0, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5]
for n in stretch_factors_to_test
E
T =

run_DTW(n)
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mlflow.sklearn.log_model(model=sk_model, artifact_path="sk_model_path”)
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import custom_flavor as mlflow_custom_flavor

loaded_model = mlflow_custom_flavor.load_model(artifact_path="model’, run_
id="e26961b25c4d4402a9a5a7a679fc8052")
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# use the model to evaluate new products found in
output = loaded_model.predict(new_sales_units)
print(output)

Ch= B
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import pandas as pd
from fbprophet import Prophet

# instantiate the model and set parameters
model = Prophet(
interval _width=0.95,
growth="1linear’,
daily_seasonality=False,
weekly_seasonality=True,
yearly_seasonality=True,
seasonality mode="multiplicative’

# fit the model to historical data
model.fit(history_pd)
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future_pd = model.make_future_dataframe(
periods=90,
freq="d’,
include_history=True

# predict over the dataset
forecast_pd = model.predict(future_pd)

O|A2Z EQLICH Prophet| W& plot HIMES A5t 24| & 0= HO[E{7F H{EA
LIEFLIAL, OJ27F G OIS &I=A] AlZtet FAITL, 2EA 2EYE =2 2
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predict_fig = model.plot(forecast_pd, xlabel=’date’, ylabel="sales’)
display(fig)
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@pandas_udf(result_schema, PandasUDFType.GROUPED_MAP)
def forecast_store_item(history_pd):

# instantiate the model, configure the parameters
model = Prophet(
interval_width=0.95,
growth="1linear’,
daily_seasonality=False,
weekly_seasonality=True,
yearly_seasonality=True,
seasonality mode="multiplicative’

# fit the model
model.fit(history_pd)

# configure predictions

future_pd = model.make_future_dataframe(
periods=90,
freg="d’,
include_history=True

# make predictions
results_pd = model.predict(future_pd)

# return predictions
return results_pd
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from pyspark.sql.functions import current_date

results = (
store_item_history
.groupBy(‘store’, ‘item’)
.apply(forecast_store_item)
.withColumn(‘training_date’, current_date())

)
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A M EQ| HEf= (samples, timesteps, input_dim) [https://keras.io/layers/recurrent/]
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# Create overlapping windows of lagged values for training and testing datasets
timesteps = 864

train_generator = TimeseriesGenerator(trainX, trainY, length=timesteps, sampling_
rate=1, batch_size=timesteps)

test_generator = TimeseriesGenerator(testX, testY, length=timesteps, sampling_rate=1,
batch_size=timesteps)
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units = 128
num_epoch = 5000
learning_rate = 0.00144

with mlflow.start_run(experiment_id=3133492, nested=True):

model = Sequential()

model.add (CuDNNLSTM(units, input_shape=(train_X.shape[1], train_X.shape[2])))
model.add(LeakyReLU(alpha=0.5))

model.add(Dropout(0.1))

model.add(Dense(1))

adam = Adam(lr=learning_rate)

# Stop training when a monitored quantity has stopped improving.

callback = [EarlyStopping(monitor="1oss”, min_delta = 0.00001, patience = 50, mode =
‘auto’, restore_best weights=True), tensorboard]

# Using regression loss function ‘Mean Standard Error’ and validation metric ‘Mean
Absolute Error’
model.compile(loss="mse”, optimizer=adam, metrics=[ ‘mae’])

)
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\

input: | (None, 864, 28)
output: (None, 128)

cu_dnnlstm_1: CaDNNLSTM

\ /

input: | (None, 128)
output: | (None, 128)

leaky_re_lu_l: LeakyReLU

E—

input: | (None, 128)
output: | (None, 128)

l

input: | (None, 128)
output: (None, 1)

dropout_1: Dropout

dense_1: Dense
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/Usersh databri com/Timeser ies/i li /Appli _Usage_predicti

Experiment ID: 3133492 Artifact Location: dbfs:/databricks/miflow/3133492

Search Runs: e<1a ara i @ State: Active ~

Filter Params: Filter Metrics: Clear
Showing 100 matching runs Delete Download CSV &,

Date User Run Name Source Version Tags Paramelers Metrics

2019-08-05 15:25:38 vedant 2Applia...
A 0.04647461324

st Loss: 0.00632995134...

2019-08-05 15:17:59 vedant ®Applia... Epochs: 5000 Actual Epochs: 79
MAE: 0.04557743668...

Test Loss: 0.00651484355...

Steps per epoch: 1

2019-08-05 15:16:03 vedant 3 Applia... Epochs: 5000 Aclual Epochs: 111

Lags MAE: 0.04635846242...

Test Loss: 0.00671240175...
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# Rules to Identify Known Fraud-based @
df = df.withColumn(“label”,

F.when (

(
(df.oldbalanceOrg <= 56900) & (df.type == “TRANSFER”) & df.newbalanceDest <= 105)) |
— ( — |ow
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

Financial Data Do &
) .otherwise(0))
# Rules to Identify Known Fraud-based @ ‘; i!
df = df.withColumn(“label”,

F.when (
(
(df.oldbalanceOrg <= 56900) & (df.type == “TRANSFER”) & — |
H ( 0101
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

Financial Data ), 1
) .otherwise(0))
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Column Name Description

step maps a unit of time in the real world. In this case 1 step is 1 hour of time. Total steps 744 (30 days simulation).
type CASH-IN, CASH-OUT, DEBIT, PAYMENT and TRANSFER.

amount amount of the transaction in local currency.

nameQrig customer who started the transaction

oldbalanceOrg initial balance before the transaction

newbalanceOrig new balance after the transaction

nameDest customer who is the recipient of the transaction

oldbalanceDest initial balance recipient before the transaction. Note that there is not information for customers that start with M (Merchants).
newbalanceDest new balance recipient after the transaction. Note that there is not information for customers that start with M (Merchants).
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# Create df DataFrame which contains our simulated financial fraud detection dataset
df = spark.sql(“select step, type, amount, nameOrig, oldbalanceOrg, newbalanceOrig,
nameDest, oldbalanceDest, newbalanceDest from sim_fin_fraud_detection”)

< databricks
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# Review the schema of your data
df.printSchema()

root

-- step: integer (nullable = true)

-- type: string (nullable = true)

—-- amount: double (nullable = true)
-- nameOrig: string (nullable = true)

-- newbalanceOrig: double (nullable =
-- nameDest: string (nullable = true)

1
|
]
I
|
1
I
I-- oldbalanceOrg: double (nullable = true)
|
1
I
I-- oldbalanceDest: double (nullable = true)
|
1

-- newbalanceDest: double (nullable =

type amount nameOrig oldbalanceCrg
PAYMENT 9839.64 C1231006815 170136
PAYMENT 1864.28 C1666544295 21249
TRANSFER 181 C1305486145 181
CASH_OUT 181 840083671 181

PAYMENT 11668.14 C2048537720 41554
PAYMENT 7817.71 C90045638 53860
PAYMENT 7107.77 C154988899 183195
PAYMENT 7861.64 C1912850431 176087.23
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true)

true)
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newbalanceOrig
160296.36
19384.72

0

0

29885.86
46042.29
176087.23
168225.59

nameDest
M1979787155
M2044282225
C553264065
38997010
M1230701703
M573487274
M408069119
M633326333

oldbalanceDest
0

0

0

21182
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%sql
-- Organize by Type
select type, count(1) from financials group by type

1%

type

[l TRANSFER

B CcASH_IN

[ casH_out

[l PAYMENT
DEBIT
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sum(amount)
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%sql
select type, sum(amount) from financials group by type
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# Rules to Identify Known Fraud-based
df = df.withColumn(“label”,

newbalanceDest <= 105))
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(df.oldbalanceOrg <= 56900) & (df.type
I ( (df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

“TRANSFER”) & (df.

).otherwise(0))
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%sql

select label, count(1l) as ‘Transactions’, sun(amount) as ‘Total Amount’ from financials_
labeled group by label

Transactions Total Amount
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label
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# Split our dataset between training and test datasets
(train, test) = df.randomSplit([0.8, 0.2], seed=12345)
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from pyspark.ml import Pipeline

from pyspark.ml.feature import StringIndexer

from pyspark.ml.feature import VectorAssembler

from pyspark.ml.classification import DecisionTreeClassifier

# Encodes a string column of labels to a column of label indices
indexer = StringIndexer(inputCol = “type”, outputCol = “typeIndexed”)

# VectorAssembler is a transformer that combines a given list of columns into a single
vector column

= VectorAssembler(inputCols = [“typeIndexed”, “amount”, “oldbalanceOrg”,
“newbalanceOrig”, “oldbalanceDest”, “newbalanceDest”, “orgDiff”, “destDiff”], outputCol =
“features”)
# Using the DecisionTree classifier model
dt = DecisionTreeClassifier(labelCol = “label”, featuresCol = “features”, seed = 54321,

maxDepth = 5)

# Create our pipeline stages
pipeline = Pipeline(stages=[indexer, va, dt])

# View the Decision Tree model (prior to CrossValidator)
dt_model = pipeline.fit(train)
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display(dt_model.stages[-1])
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from pyspark.ml.tuning import CrossValidator, ParamGridBuilder

# Build the grid of different parameters
paramGrid = ParamGridBuilder() \
.addGrid(dt.maxDepth, [5, 10, 15]) \
.addGrid(dt.maxBins, [10, 20, 30]) \
Lbuild()

# Build out the cross validation

crossval = CrossValidator(estimator = dt,
estimatorParamMaps = paramGrid,
evaluator = evaluatorPR,
numFolds = 3)

# Build the CV pipeline

pipelineCV = Pipeline(stages=[indexer, va, crossval])

# Train the model using the pipeline, parameter grid, and preceding

BinaryClassificationEvaluator
cvModel_u = pipelineCV.fit(train)

< databricks
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# Build the best model (training and test datasets)
train_pred = cvModel_u.transform(train)
test_pred = cvModel_u.transform(test)

# Evaluate the model on training datasets
pr_train = evaluatorPR.evaluate(train_pred)
auc_train = evaluatorAUC.evaluate(train_pred)

# Evaluate the model on test datasets
pr_test = evaluatorPR.evaluate(test_pred)
auc_test = evaluatorAUC.evaluate(test_pred)

# Print out the PR and AUC values
print(“PR train:”, pr_train)
print(“AUC train:”, auc_train)
print(“PR test:”, pr_test)
print(“AUC test:”, auc_test)

# Output:

# PR train: 0.9537894984523128
# AUC train: 0.998647996459481
# PR test: 0.9539170535377599
# AUC test: 0.9984378183482442
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## Reset the DataFrames for no fraud ("dfn”) and fraud (" dfy’)
dfn = train.filter(train.label == 0)
dfy = train.filter(train.label == 1)

Calculate summary metrics
train.count()
dfy.count()

y/N

T < = #=
1o

# Create a more balanced training dataset
train_b = dfn.sample(False, p, seed = 92285).union(dfy)

# Print out metrics
print(“Total count: %s, Fraud cases count: %s, Proportion of fraud cases: %s” % (N, vy,

p))

print(“Balanced training dataset count: %s” % train_b.count())

# Qutput:

# Total count: 5090394, Fraud cases count: 204865, Proportion of fraud cases:
0.040245411258932016

# Balanced training dataset count: 401898

# Display our more balanced training dataset
display(train_b.groupBy(“label”).count())
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< databricks

# Re-run the same ML pipeline (including parameters grid)
crossval_b = CrossValidator(estimator = dt,
estimatorParamMaps = paramGrid,

evaluator = evaluatorAUC,

numFolds = 3)

pipelineCV_b = Pipeline(stages=[indexer, va, crossval_b])

# Train the model using the pipeline, parameter grid, and
BinaryClassificationEvaluator using the "train_b" dataset
cvModel_b = pipelineCV_b.fit(train_b)

# Build the best model (balanced training and full test datasets)
train_pred_b = cvModel_b.transform(train_b)
test_pred_b = cvModel_b.transform(test)

# Evaluate the model on the balanced training datasets
pr_train_b = evaluatorPR.evaluate(train_pred_b)
auc_train_b = evaluatorAUC.evaluate(train_pred_b)

# Evaluate the model on full test datasets
pr_test_b = evaluatorPR.evaluate(test_pred_b)
auc_test_b = evaluatorAUC.evaluate(test_pred_b)

# Print out the PR and AUC values
print(“PR train:”, pr_train_b)
print(“AUC train:”, auc_train_b)
print(“PR test:”, pr_test_b)
print(“AUC test:”, auc_test_b)

# Output:

# PR train: 0.999629161563572

# AUC train: 0.9998071389056655
# PR test: 0.9904709171789063

# AUC test: 0.9997903902204509
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mlflow.keras.load_model() 2}

=gt

mlflow.pyfunc.load_model()

mlflow.keras.log _model(model, “model”, custom objects={“Scale”: Scale})


https://keras.io/
https://www.tensorflow.org/
https://keras.io/layers/writing-your-own-keras-layers/
https://keras.io/layers/writing-your-own-keras-layers/
https://www.mlflow.org/docs/latest/python_api/mlflow.keras.html#mlflow.keras.load_model
https://www.mlflow.org/docs/latest/python_api/mlflow.pyfunc.html#mlflow.pyfunc.load_model
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Machine LearningS AF23HH MLflowS AFE5H0] ZAA TAl 2 4=
Ze|otHA Azure DatabricksE AHESHY B4l 2{'d OfF2[H|0]/4g oHy A
HiES 4= USLICE

ZINE 252 2 2A517| Qlo 7|& L= M2 Azure ML 2t £ Azure Databricks
2t FAH S HASH 4= QIGLICH EBE MLflows= Keras 2 (mlfl w.keras.autolog())of| A+
242 A5t O] Y S & Al 4+~ USLICt

= Microsoft Azure ' Search resources, services, and docs (G+/)
et150-a

Home > ca

£ Search (Cmd+/) p [i Delete

S Ovevie Resource group [g}]arvgd“) car-resnet150 Managed Resource Group : databricks-rg-car-resnet150-adb-hakooaxjhxwfy

Subscription (change)  : field-eng URL https//westeurope.azuredatabricks.net

[ Activity log
Subscription 1D — B e Pricing Tier standard
" Access control (IAM)

Tags (change) keep-until :
@ Tags

OwnerEmail ; m————

»

Settings

€ Virtual Nefwork Pesrings Link Databricks workspace

£ Locks to a new or existing Azure ML
workspace here ...

E3 Export template p

Support + troubleshooting

2 New support request

Launch Workspace

Documentation Getting Started Import Data from File Impart Data from Azure Storage

Notebook Admin Guide Link Azure ML workspace

o R
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https://www.mlflow.org/docs/latest/models.html#custom-python-models
https://www.mlflow.org/docs/latest/models.html#custom-flavors
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import mlflow.pyfunc
class AutoResNet150(mlflow.pyfunc.PythonModel):

def predict_from_picture(self, img_df):
import cv2 as cv

import numpy as np

import base64

# decoding of base64 encoded image used for transport over http

img = np.frombuffer(base64.bb64decode(img_df[0][0]), dtype=np.uint8)

img_res = cv.resize(cv.imdecode(img, flags=1), (224, 224), cv.IMREAD_UNCHANGED)
rgb_img = np.expand_dims(img_res, 0)

preds = self.keras_model.predict(rgb_img)
prob = np.max(preds)

class_id = np.argmax(preds)
return {“label”: self.class_names[class_id][0][@], “prob”: “{:.4}”.format(prob)}

def load_context(self, context):
import scipy.io

import numpy as np

import h5py

import keras

import cloudpickle

from keras.models import load_model

self.results = []

with open(context.artifacts[“cars_meta”], “rb”) as file:
# load the car classes file
cars_meta = scipy.io.loadmat(file)
self.class_names = cars_meta[ ‘class_names’]
self.class_names = np.transpose(self.class_names)
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with open(context.artifacts[“scale_layer”], “rb”) as file:
self.scale_layer = cloudpickle.load(file)

with open(context.artifacts[“keras_model”], “rb”) as file:
f = h5py.File(file.name,’r’)
self.keras_model = load_model(f, custom_objects={“Scale”: self.scale_
layer})

def predict(self, context, model_input):
return self.predict_from_picture(model_input)

CtS SA0| M= py_model2 AF25H0] Azure Container Instances A{EHO{| B IS Z1QIL|C}
o

o
0|= MLflow2| Azure ML £8r2 AI235IH =L}


https://azure.microsoft.com/en-us/services/container-instances/
https://www.mlflow.org/docs/latest/python_api/mlflow.azureml.html
https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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/Shared/Car Classification/03 - Keras Resnet150 for Image Classification

Experiment ID: 552504588436652 Artifact Location: dbfs:/databricks/mlflow/552504588436652

~ Notes [4

None

Search Runs: netrics.rmse

@ State: Active ~ Clear

Showing 1 matching run Delete Download CSV &, = B @ Columns
Parameters > Metrics >
D Date Run Name User Source Version baseline epochs learning_rai acc loss Ir
m ©@ 202¢ - he... [® 03 - Keras Resnet - None 13 0.001 0.98 0.094 0.001
Load more
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# Build an Azure ML Container Image for an MLflow model

azure_image, azure_model = mlflow.azureml.build_image(
model_uri="{}/py_model”

.format(resnet150_latest_run.info.artifact_uri),

image_name="car-resnet150”,
model_name="car-resnet150”,
workspace=ws,
synchronous=True)

webservice_deployment_config = AciWebservice.deploy_configuration()

# defining the container specs
aci_config = AciWebservice.deploy_configuration(cpu_cores=3.0, memory_gbh=12.0)

webservice = Webservice.deploy_from_image(
image=azure_image,
workspace=ws,
name="car-resnet150”,
deployment_config=aci_config,
overwrite=True)

webservice.wait_for_deployment()

= D2 M Ui O| AL, Azure Kubernetes ServiceS A1 EA|

1} 22| E 252,
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https://docs.microsoft.com/en-us/azure/machine-learning/how-to-deploy-and-where
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https://azure.microsoft.com/en-us/services/databricks/
https://azure.microsoft.com/en-us/services/databricks/
https://github.com/databricks/koalas
https://mlflow.org/
https://azure.microsoft.com/en-us/services/machine-learning/
https://databricks.com/notebooks/cnn-car-class/load-images-in-hdf5.html
https://databricks.com/notebooks/cnn-car-class/koalas-augmentation.html
https://databricks.com/notebooks/cnn-car-class/keras-resnet150-for-image-classification.html
https://databricks.com/notebooks/cnn-car-class/azure-ml-deployment.html
https://www.youtube.com/watch?v=mxEqcIbPqPs
https://github.com/EvanEames/Cars
https://www.slideshare.net/jonbros/deep-learning-with-databricks
https://github.com/EvanEames/Cars/blob/master/CNN_howto.pdf
https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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https://databricks.com/session/azure-databricks
https://databricks.com/company/newsroom/press-releases/databricks-fuels-wejos-ambition-to-create-a-mobility-data-ecosystem
https://databricks.com/blog/2019/08/25/building-foot-traffic-insights-dataset.html
https://databricks.com/blog/2019/08/25/building-foot-traffic-insights-dataset.html
https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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2. GeoPandas, Geospatial Data Abstraction Library (GDAL), Java Topology Service
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https://databricks.com/glossary/big-data-analytics
https://github.com/locationtech/geomesa
https://geotrellis.io/
https://rasterframes.io/
http://geopandas.org/
https://gdal.org/
https://github.com/locationtech/jts
https://github.com/locationtech/jts
https://s2geometry.io/
http://www.geohex.org/
https://eng.uber.com/h3/
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%scala
val dfRaw = spark.read.format(“delta”).load(“/ml/blogs/geospatial/delta/nyc-green”)
display(dfRaw) // showing first 10 columns

vendor_id pickup_datetime dropoff_datetime store_and_forward rate_code_id pickup_longitude pickup_latitude dropoff_longitude dropofit_latitude passener_count

2 2017-09-30 2017-09-30 23:57:43 N 1 a2 7 2 1.89 9

23:48:04

2 2017-09-30 2017-09-30 23:55:30 N 1 25 181 6 1.26 B8

23:50:24

2 2017-09-30 2017-09-3023:37:29 N 1 41 159 1 2.28 9
23:28:29

2 2017-09-30 2017-09-30 23:54:59 N 1 42 41 1 1.09 7

23:46:44

2 2017-09-30 2017-09-30 23:31:49 N 1 33 189 1 2.35 10

Showing the first 1000 rows.
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%scala
val df = dfRaw

.withColumn(“pickup_point”, st_makePoint(col(“pickup_longitude”), col(“pickup_
latitude”)))

.withColumn(“dropoff_point”, st_makePoint(col(“dropoff_longitude”),col(“dropoff_
latitude”)))
display(df.select(“dropoff_point”,”dropoff_datetime”))


https://www1.nyc.gov/site/tlc/about/tlc-trip-record-data.page
https://data.cityofnewyork.us/Transportation/NYC-Taxi-Zones/d3c5-ddgc
https://databricks.com/notebooks/prep-nyc-taxi-geospatial-data.html
https://docs.databricks.com/delta/index.html?_ga=2.265829580.2112692442.1591844546-225663068.1585060489#delta-guide
https://docs.databricks.com/delta/index.html?_ga=2.265829580.2112692442.1591844546-225663068.1585060489#delta-guide
https://docs.databricks.com/delta/index.html?_ga=2.265829580.2112692442.1591844546-225663068.1585060489#delta-guide
https://docs.databricks.com/user-guide/libraries.html?_ga=2.232627548.2112692442.1591844546-225663068.1585060489
https://spark.apache.org/docs/latest/sql-programming-guide.html
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» (2) Spark Jobs

dropoff_point dropoff_datetime 01' -UDFE =
oM 2
POINT (-73.98411560058594 40.695980072021484) 2016-04-01 00:05:53 -
]
POINT (-73.8504409790039 40.724143981933594) 2016-04-01 00:05:55 E”O| E-I | T|E

Showing the first 1000 rows.
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%scala
val joinedDF = wktDF.join(df, st_contains($”the_geom”, $”pickup_point”)

display(joinedDF.select(“zone”,”borough”, ”pickup_point”,”

» (2) Spark Jobs

zone borough pickup_point

Fort Greene Brooklyn POINT (-73.98096466064453 40.689029693603516)
Crown Heights North Brooklyn POINT (-73.95674896240234 40.67413330078125)
Brooklyn Heights Brooklyn POINT (-73.9929428100586 40.69749069213867)
Brooklyn Heights Brooklyn POINT (-73.99117279052734 40.6959114074707)
Williamsburg (South Side) Brooklyn POINT (-73.96204376220703 40.70991516113281)
East Harlem North Manhattan POINT (-73.93933868408203 40.80525207519531)
Steinway Queens POINT (-73.9175796508789 40.769954681396484)
Morningside Heights Manhattan POINT (-73.96385192871094 40.80808639526367)
Mwminmmica Llninkin Manbabian PAINT { 72 ACEANNEA7NAN0A AN BNAABOANANESNEEY

Showing the first 1000 rows.

27t 2018 24t X2|§LC 0] Z2LR0l= GeoMesad|M A &3t st_contains UDFS

pickup_datetime”))

pickup_datetime

2016-06-09 10:35:08
2016-06-09 10:42:15
2016-06-09 10:47:38
2016-06-09 10:46:09
2016-06-09 10:06:12
2016-06-09 10:58:19
2016-06-09 10:45:41
2016-06-09 10:36:34
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%python
# read the boroughs polygons with geopandas
gdf = gdp.read_file(“/dbfs/ml/blogs/geospatial/nyc_boroughs.geojson”)

b_gdf = sc.broadcast(gdf) # broadcast the geopandas dataframe to all nodes of the
cluster
def find_borough(latitude, longitude):

mgdf = b_gdf.value.apply(lambda x: x[“boro_name”] if x[“geometry”].
intersects(Point(longitude, latitude))

idx = mgdf.first_valid_index()

return mgdf.loc[idx] if idx is not None else None

find_borough_udf = udf(find_borough, StringType())


https://en.wikipedia.org/wiki/Point_in_polygon
https://docs.databricks.com/spark/latest/spark-sql/udf-python-pandas.html?_ga=2.232789213.2112692442.1591844546-225663068.1585060489#pandas-user-defined-functions
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%python

# read the coordinates from delta

df = spark.read.format(“delta”).load(“/ml/blogs/geospatial/delta/nyc-green”)

df_with_boroughs = df.withColumn(“pickup_borough”, find_borough_udf(col(“pickup_

latitude”),col(pickup_longitude)))

display(df_with_boroughs.select(
“pickup_datetime”,”pickup_latitude”,”pickup_longitude”,”pickup_borough”))

» (2) Spark Jobs

pickup_datetime pickup_latitude pickup_longitude pickup_borough

2016-04-01 00:06:39 40.718135833740234 -73.95951080322266 Manhattan
2016-04-01 00:06:28 40.86066818237305 -73.88964080810547 Manhattan
2016-04-01 00:07:25 40.73863983154297 -73.88591766357422 Manhattan
2016-04-01 00:09:44 40.69947814941406 -73.92366790771484 Manhattan
2016-04-01 00:16:02 40.691192626953125 -73.9872055053711 Manhattan
2016-04-01 00:14:52 40.761085510253906 -73.892341613769531 Manhattan
2016-04-01 00:11:00 40.686092376708984 -73.97399139404297 Manhattan
2016-04-01 00:17:17 40.79181671142578 -73.944580078125 Manhattan

ARdE A4 N4 ARAnAn

Showing the first 1000 rows.
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https://en.wikipedia.org/wiki/Grid_(spatial_index)
https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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%scala val
import com.uber.h3core.H3Core

import com.uber.h3core.util.GeoCoord
import scala.collection.JavaConversions. _
import scala.collection.JavaConverters. _

object H3 extends Serializable {
val instance = H3Core.newInstance()

}

val geoToH3 = udf{ (latitude: Double, longitude: Double, resolution: Int) =>
H3.instance.geoToH3(latitude, longitude, resolution)

}

val polygonToH3 = udf{ (geometry: Geometry, resolution: Int) =>
var points: List[GeoCoord] = List()
var holes: List[java.util.List[GeoCoord]] = List()
if (geometry.getGeometryType == “Polygon”) {
points = List(

geometry
.getCoordinates()
.tolList
.map(coord => new GeoCoord(coord.y, coord.x)): _x)
¥ }
H3.instance.polyfill(points, holes.asJava, resolution).tolList

}

< databricks

multiPolygonToH3 = udf{ (geometry: Geometry, resolution: Int) =>

var points: List[GeoCoord] = List()
var holes: List[java.util.List[GeoCoord]] = List()
if (geometry.getGeometryType == “MultiPolygon”) {

val numGeometries = geometry.getNumGeometries()
if (numGeometries > 0) {
points = List(
geometry
.getGeometryN(Q)
.getCoordinates()
.tolList
.map(coord => new GeoCoord(coord.y, coord.x)): _x*)
}
if (numGeometries > 1) {
holes = (1 to (numGeometries - 1)).toList.map(n => {
List(
geometry
.getGeometryN(n)
.getCoordinates()
.tolList
.map(coord => new GeoCoord(coord.y, coord.x)): _x).asJava
b
3

H3.instance.polyfill(points, holes.asJava, resolution).tolList
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%scala
val res = 7 //the resolution of the H3 index, 1.2km
val dfH3 = df.withColumn(
“h3index”,
geoToH3(col(“pickup_latitude”), col(“pickup_longitude”), lit(res))
)
val wktDFH3 = wktDF
.withColumn(“h3index”, multiPolygonToH3(col(“the_geom”), lit(res)))
.withColumn(“h3index”, explode($”h3index”))

do

0 of
o> 3
PN
ro

< databricks

%scala

val dfWithBoroughH3 = dfH3.join(wktDFH3,”h3index”)

» »

display(df_with_borough_h3.select(“zone”,”borough”,”pickup_point”,”pickup_

”» »

datetime”,

» (1) Spark Jobs

zone
Morningside Heights
Central Harlem
Brooklyn Heights
Van Nest/Morris Park
Astoria

Morningside Heights
Park Slope

Park Slope

Emmb Lol mmn Kl sble

Showing the first 1000 rows.

h3index”))

borough
Manhattan
Manhattan
Brooklyn
Bronx
Queens
Manhattan
Brooklyn
Brooklyn

Al b

of: 9Ix|/2E Y Bal@ 22 HEL

pickup_point

POINT (-73.95296478271484 40.80758285522461)
POINT (-73.94908905029297 40.80293655395508)
POINT (-73.99422454833984 40.69488525390625)
POINT (-73.84475708007812 40.847774505615234)
POINT (-73.9139633178711 40.76524353027344)
POINT (-73.95944213867 188 40.80912399291992)
POINT (-73.98164367675781 40.66694641113281)
POINT (-73.97588348388672 40.67397689819336)
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pickup_datetime

2016-06-09 10:14:34
2016-06-09 10:04:08
2016-06-09 10:52:24
2016-06-09 10:23:52
2016-06-09 10:25:38
2016-06-09 10:42:56
2016-06-09 10:29:28
2016-06-09 10:53:01

AN S AE AN 40007

h3index

613229523000885247
613229523028148223
613229551411003391
613229520937287679
613229524726841343
613229523000885247
613229552660905983
613229552669294591
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DAY FR z(m 7|&E 15)2 &= BASL(CE BIE] TIO|E{Q] M| 1R 7|2 7|2 a2 &, A,
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O 2etdo =2 AEst= FA0|H, Or2fof Lok AUSLIC.

WKTZ HYE 92 Y22 F8A S| 1 COJEIS QJo2ABLICE 21 ATjRes
olef P2E DataFrame@LICt 2270] T2 RO|M AFBEIIE 22t ORPIR 2
AP U ALBE 4 QU CIOJE| AARE EZS3 4 UL the_geom LEOA 2l

o= =
WKT BIAE = st_geomFromWKT(+) UDFE S&3101 s JTS 7|5t 242 27 #stst

%scala

val wktDFText = sqlContext.read.format(“csv”)
.option(“header”, “true”)
.option(“inferSchema”, “true”)
.load(“/ml/blogs/geospatial/nyc_taxi_zones.wkt.csv”)

val wktDF = wktDFText.withColumn(“the_geom”, st_geomFromWKT(col(“the_geom”))).cache


https://en.wikipedia.org/wiki/Well-known_text_representation_of_geometry
https://en.wikipedia.org/wiki/GeoJSON
https://en.wikipedia.org/wiki/Shapefile
https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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%python

json_df = spark.read.option(“multiline”,”true”).json(“nyc_boroughs.geojson”)

—

»* = |son_df: pyspark.sgl.dataframe.DataFrame
= features: array
= element: struct
= geometry: struct
* coordinates: array
= element: array
= element: array
= element: array
element: double
type: string
* properties: struct
boro_code: string
boro_name: string
shape_area: string
shape_leng: string
type: string

type: string

of|: Databricks W2 JSON 2|HAM option(“multiline” "true”) S AHE35H0{ 2= AZ|0t2 H|0|g 2=
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%python
from pyspark.sql import functions as F
json_explode_df = ( json_df.select(
“features”,
“type”,
F.explode(F.col(“features.properties”)).alias(“properties”)
).select(“*”,F.explode(F.col(“features.geometry”)).alias(“geometry”)).drop(“features”))

display(json_explode_df)

type properties geometry

FeatureCollection ¥ object * object
» coordinates: [[[[-73.89680883223774,40.79580844515979),[-73.89693872998792,40.79563587285357),

[-73.89723603843939,40.79572003753707],[-73.89796839783742,40.795644839161994),
[-73.89857332665558,40.7960691402596],[-73.8989526 1832527 ,40.796227852579634],
[-73.89919434249981,40.79650245601821),[-73.89852052071471,40.796936194189776),
[-73.89788253240185,40.79711653214705],[-73.89713149795642,40.796 7980777283 1),
[-73.89678526341234,40.796329166487105],[-73.89680883223774,40.79580844515979]]],
[[[-73.88885148496334,40.798706328958765),[- 73.88860021869873,40.798650985918705],
[-73.8885856250733,40.798706072297094],[-73.88821348851279,40.798665304638554],
[-73.88821415282712,40.79866379621751),[-73.88825230744402,40.7985771803983],
[-73.88837251379924,40.79858745625632),[-73.88839250519693,40.798566297269393],

boro_code: 2

boro_name: Bronx
shape_area: 1186612476.97
shape_leng: 462258.186921

of|: Sparke| L2t explode St4E AHESH0] % A4 DataFrame BO|| HA|
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open(--) BHOAM “/dbfs/-" HEAZE J2EH FUSE MountE ALES 4~ JUSLICH

%python

import folium

import json

with open (“/dbfs/ml/blogs/geospatial/nyc_boroughs.geojson”, “r”) as myfile:
boro_data=myfile.read() # read GeoJSON from DBFS using FuseMount

m = folium.Map(
location=[40.7128, -74.0060],
tiles="Stamen Terrain’,
zoom_start=12
)
folium.GeoJson(json.loads(boro_data)).add_to(m)
m # to display, also could use displayHTML(...) variants
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%scala
var spatialRDD = new SpatialRDD[Geometry]
spatialRDD = ShapefileReader.readToGeometryRDD(sc, “/ml/blogs/geospatial/shapefiles/nyc”)

var rawSpatialDf = Adapter.toDf(spatialRDD,spark)

rawSpatialDf.createOrReplaceTempView(“rawSpatialDf”) //DataFrame now available to SQL,
Python, and R

display(json_explode_df)


https://pypi.org/project/folium/
https://docs.databricks.com/user-guide/databricks-file-system.html?_ga=2.257963337.2112692442.1591844546-225663068.1585060489#databricks-file-system
https://docs.databricks.com/user-guide/databricks-file-system.html?_ga=2.257963337.2112692442.1591844546-225663068.1585060489#local-file-apis
https://docs.databricks.com/user-guide/databricks-file-system.html?_ga=2.257963337.2112692442.1591844546-225663068.1585060489#local-file-apis
https://en.wikipedia.org/wiki/Keyhole_Markup_Language
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%sql
SELECT *,

ST_GeomFromWKT (geometry) AS geometry -- GeoSpark UDF to convert WKT to Geometry
FROM rawspatialdf

LESH DatabricksOfl L& @120l 848 AlZst =52 ALEY = ASLICL FSA0(AM
= 7

2l
== SHE Jdeles 20l

%%sq1l
SELECT name,
round(Cast(num_floors AS DOUBLE), @) AS num_floors --String to Number
FROM rawspatialdf
WHERE name < *’
ORDER BY num_floors DESC LIMIT 5

ma - - - -
0.00 -

Tower 2 World Trade Ctr Tower 1 World Trade Ctr Tower 4 World Trade Ctr WTC Transportation Hub Empire State Building

®
S

num_floors
3
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%python
# construct a CSV “catalog” for RasterFrames "raster™ reader
# catalogs can also be Spark or Pandas DataFrames
bands = [f’B{b}  for b in [4, 5]]
uris = [f’https://landsat-pds.s3.us-west-2.amazonaws.com/c1/L8/014/032/LC08_L1TP_0140
3220190720 20190731 01 T1/LCO8_L1TP_014032_ 20190720 20190731 01 T1 {b}.TIF’ for b in
bands]
catalog = ‘,’.join(bands) + ‘\n’ + ‘,’.join(uris)
# read red and NIR bands from Landsat 8 dataset over NYC
rf = spark.read.raster(catalog, bands) \
.withColumnRenamed(‘B4’, ‘red’).withColumnRenamed(‘B5’, ‘NIR’) \
.withColumn(‘longitude_latitude’, st_reproject(st_centroid(rf_geometry(‘red’)), rf
crs(‘red’), lit(‘EPSG:4326°))) \
.withColumn(‘NDVI’, rf_normalized_difference(‘NIR’,
.where(rf_tile_sum(‘NDVI’) > 10000)

‘red’)) \

results = rf.select(‘longitude latitude’, rf_tile(‘red’), rf_tile(‘NIR’), rf_
tile(*NDVI’))
displayHTML(rf_ipython.spark_df_to_html(results))


https://en.wikipedia.org/wiki/Multispectral_image
https://en.wikipedia.org/wiki/Normalized_difference_vegetation_index
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» = results: pyspark.sql.dataframe.DataFrame = [longitude_latitude: udt, rf_tile(red): udt ... 2 more fields]

Showing only top 5 rows

longitude_latitude rf_tile(red) rf_tile(NIR) rf_tile(NDVI)

POINT (-75.64310549921628 41.35507991091221)
POINT (-75.55129747458508 41.35555632722104)
POINT (-75.64242580157753 41.285904858936576)
POINT (-75.55071479581207 41.28638012434911)

POINT (-75.45900176161878 41.286782331725604) | ¥

Of|: RasterFrame &2 20074 0|42 HAE] U HE| 345 Sf LEIY, #3, 29,
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%scala
display(
sqlContext.read.format(“jdbc”)
.option(“url”, jdbcUrl)
.option(“driver”, “org.postgresql.Driver”)
.option(“dbtable”,
“”” (SELECT * FROM yellow_tripdata_staging
OFFSET 5 LIMIT 10) AS t”””) //predicate pushdown
.option(“user”, jdbcUsername)
.option(“jdbcPassword”, jdbcPassword)
. load)

lassenger_count trip_distance rate_code_id store_and_fwd _flag pickup_location_id dropoff_location_id ayment_type fare_amount
16 142 142

16 142 142

vendor_id tpep_pickup_datetime tpep_dropoff_datetime
2018-01-06 16:27:40 2019-01-06 16:28:47
2018-01-06 16:27:40 2019-01-06 16:28:47

2018-01-06 16:51:27 2019-01-06 17:05:55 1.99 239 230 n

2018-01-06 16:38:49 2019-01-06 16:58:05 2.10

2019-01-06 16:59:54 2019-01-06 17:09:33 1.40 163 186

2019-01-06 16:25:58 2019-01-06 16:35:36 177 137 90 85

2019-01-06 16:42:45 2019-01-06 16:47:05 67

1.09
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